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UNIT-6 Oscillations



UNIT-7 

Non Inertial Systems



UNIT-6 
OSCILLATIONS 

 

Q 1. What is periodic motion? Explain harmonic and simple harmonic motion. 

Ans.  The repeated motion moving the particle along a definite path on regular intervals of time 

is called periodic Motion and interval of time after which the particle repeat its path is called 

time period (T) of the periodic motion. 

In general, there are two types of periodic motions 

(i) Harmonic motion- If the particle undergoing periodic motion covers the same 

path to and fro about a mean position, the motion is known as vibratory or 

oscillatory motion. This motion is bounded on both sides within a well-defined 

limit. This motion is also known as harmonic motion. Such motion is 

associated with musical instruments. 

(ii) Simple harmonic motion-If the displacement of the particle is equal on both 

sides, the motion is known as Simple Harmonic Motion (SHM). This is the most 

fundamental type of motion and all other periodic motions, whether harmonic 

or non-harmonic, can be achieved by a suitable combination of two or more 

simple harmonic motions 

Q.2. Why a system of particle oscillates. 

Ans.  There are basically two main reasons which are responsible for the oscillation in the 

system and two basic properties of the system. These are elasticity and inertia. 

When a body is in equilibrium, the net forces acting on the body are balanced. When we 

apply a force on the body, the system is displaced from its position in direction of force w.r.t. 

body through a distance ψ. 

When the force is removed from the body, a restoring force comes into play which tries to 

restore the original position of equilibrium of the body. It' tries to restore ψ to zero. This 

is possible by imparting a suitable negative velocity dψ/dt to the body. The elastic 

properties of the system determine the magnitude of this restoring force. 

The inertia of the body tries to oppose any change in velocity. When ψ = 0, i.e., the body 

reaches the equilibrium position, the negative velocity is maximum and a negative 

displacement is produced. The body moves to the other side of the equilibrium position. 

Now the restoring force becomes positive. Now it increases w. The restoring force has to 



overcome the inertia of the negative velocity. The velocity goes on decreasing and becomes zero. 

But by this time the displacement becomes large and negative. The process is now reversed.  

Thus elasticity and inertia are two responsible causes for the oscillation of a body. let's 

suppose  a particle free to move on the x-axis, is being acted upon by a force yen by, 

                  F = - kxn 

Here, k is a positive constant. Now, following cases are possible depending on the value 

of n. 

(a) If n is an even integer (0,2,4....etc), force is always along negative x-axis, 

whether x is positive or negative. Hence, the motion of the particle is not oscillatory. 

If the particle is released from any position on the x-axis (except at x= 0) a force in 

the negative direction of X-axis acts on it and it moves rectilinearly along negative x-

axis. 

 

(b) If n is an odd integer (1,3,5, ...etc), force is along negative x-axis for x 0, 

along  positive x-axis for x <0 and zero for x = 0. Thus, the particle Will 

oscillate about stable equilibrium position, x = 0. The force in this case is called 

the restoring force. Of these, if n = 1, i.e., F= -kx the motion is said to be SHM. 

 



 

 

 

 

 



 

 



 

Therefore, we may conclude that, d u r i n g  t h e  o s c i l l a t i o n s ,  t h e r e  i s  a  continuous 

exchange of kinetic and potential and kinetic energies. While moving away from the 

equilibrium position, the  potential energy increases while the kinetic energy decreases. 

When the particle moves towards the equilibrium position, the reverse happens. The 

figure shows the variation of total energy (E), potential energy (U) and kinetic energy (K) 

with displacement (x) 

 

 

 

 

 

 

 

 

 

 

 

 

Q 5. Which of the following functions of time represent (a) simple harmonic, (b) periodic 

but not simple harmonic, and (c) non-periodic motion? Give the period for each case of 

periodic motion: (ω  is  any positive constant).  

 



 

 



 

Q.6. what is simple pendulum? Explain in detail. 

Ans. A simple pendulum is a device consisting of a spherical bob suspended by an 

inelastic massless 'string which is fixed to a rigid support. Let us suppose the mass of the 

bob be m and length of the string is l 

 

 

 

 

 

 



 

When the particle is pulled aside to position B so that the string makes an angle θ. with the 

vertical OC and then released, the pendulum will start to oscillate between B and the 

symmetric position B'. The oscillatory motion is due to the tangential component FT of the 

weight mg of the particle. This force (FT) is maximum at the point B and B', and zero at 

C. Thus, we can write, 

 

Following points should be remembered in case of a simple pendulum. 

1.  For large amplitudes, the approximation sin θ≈θ is not valid and the calculation of 

the period is more complex. The time period, in this case, depends on the 

amplitude q, and is given by, 

 



 

The angle θ0 must be expressed in radians. This is sufficient approximation for most 

practical situations is a simple pendulum. 

(2) If the time period of a simple pendulum is 2 seconds, it is called seconds pendulum. 

(3) If the length of the pendulum is large, g no longer remains vertical but will be directed 

towards the center of the earth and, the expression for time can be written as, 

 

 



 

 

 



 

 

Q.7. Give the theory of compound pendulum. Show that there are four points of the 

pendulum having the same time period. 

Ans. In the case of a compound pendulum, the oscillating mass has dimensions comparable to 

the distance between the axis of suspension and its center of gravity. As rigid body capable of 

oscillating in a vertical plane about a horizontal axis passing through the body other than the 

center of gravity is regarded as a compound pendulum.  

Centre of suspension is the point of intersection of the horizontal axis of rotation and the 

vertical plane through the centre of gravity of the compound pendulum. This is indicated 

by S. 

 

 

 

 

 

 

 

 

 

 

 

Let the Fig. represent a compound pendulum of mass m. Let G be the center of gravity. The 

distance between the center of gravity and the center of suspension is known as the length 

of the compound pendulum and denoted by 1. 



                          Thus GS = l, When in equilibrium, G will be below S. 

Let us displace the pendulum slightly from a mean position towards one side through an 

angle θ. Let G” be the new position of G. 

The will cause in restoring couple produced is the couple formed by weight W= mg acting 
through the center of gravity G vertically downward and the reaction R = mg acting vertically 
upward at the point of suspension S. 

The restoring couple = —mg (G' N) = mgl sinθ. The negative sign indicates that the couple 

is oppositely directed to the displacement θ. 

If angular displacement θ is small, then sinθ = θ, so that restoring couple = mglθ 

If I is the moment of inertia of the body about the horizontal axis passing through S then 

 α = d2θ/dt2 is the angular acceleration. 

 

 

 



  



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

  

 



 



 

Q.8. A simple pendulum of length l is suspended from the ceiling  

which  is  s l i d ing  wi thou t  f r ic t i on  on  an  inc l i ned  p lane  o f  

inclination θ. What will be the time period of the pendulum? 

Ans. Since the point of suspension of the simple pendulum has an acceleration of a 

= g sinθ, down the plane. We can resolve g into two components g sin θ along the 

while g cosθ perpendicular to the plane.  



Q.9 (a) A simple pendulum consists of a small sphere of mass m suspended by a 

thread of length 1. The sphere carries a positive charge θ . The pendulum is 

placed in a uniform electric field of strength E directed vertically upwards. With 

what period will pendulum oscillate i f  the  e lect rosta t ic  fo rce  act ing  on  the  

sphere  is  less  than  the  gravitational force? (b) Discuss the representation of 

simple harmonic motion by a complex exponential.  

Ans. (a) Here, two forces are acting on the bob of pendulum shown in figure and geff is given by 



(b) 



Q.10. explain the torsion pendulum in detail.  

Ans. A device consisting of a disk of large moment of inertia mounted on one end of a 

torsionally flexible elastic rod and other end is held fixed.  When this disk is twisted and 

unconfined it will undergo simple harmonic motion provided the torque in the rod that is 

proportional to the angle of twist.  This whole arrangement is called as torsion pendulum. 

 



The disc is twisted on the side and released. Now it will execute torsional to and fro 
motion about the shaft which fixed with the disc as its axis. 

If the disc is turned through an angle θ, the shaft is also twisted through the same angle θ. A 
restoring torsional couple = -τθ comes into play, which tends to bring the pendulum back to 
its original position. Here τ is the torsional couple per unit twist. If I is the moment of 
inertia of the disc about the shaft as the axis 

 

 

 

 

Q.11. explain the concept of an object floating in a liquid . 

Ans The upward force exerted by a fluid that opposes the downward force due to the weight of 

an immersed object. If the density of an object in the fluid is greater than the density of the fluid, 

the object will sink. If the density is less than that of the fluid, the object will float upward due to 

the buoyancy of the fluid. 



An object of lower density will float to the top and only be submerged by an amount according 

to the ratio of the densities. 

Whenever an object floating in a liquid is displaced vertically, say, by pressing it down and 

then released, it exhibits an up-down motion which is simple harmonic in nature. 

Consider a pole of cross-sectional area A and mass M floating in a vertical position in a 

liquid of density ρ. This is the static equilibrium state because the weight of the pole is 

balanced by the weight of the liquid it displaces. If we displace the pole by a distance y (by 

dipping it further in the liquid), the buoyant force on the pole increase by ρAgy because ρAy, 

is the mass of the liquid displaced 

 

 

 

 

 

 

 

 

 

 

by this further dipping; g being the acceleration due to gravity. We have neglected viscous 

effects. The restoring force F on the pole is given by 



Q.12. Discuss  Inductor -capaci tor  e lectr ica l  c ircui t  as  S.H.M.  

Ans. The inductor and capacitor circuit system also exhibit simple harmonic motion. This 

circuit is also known an oscillatory tank circuit or simply oscillatory circuit in electrical 

systems. 

 

 

 

 

 

 

 

The equilibrium state of this circuit is the state when the capacitor is uncharged and no 

current is flowing in the circuit. This state is disturbed by pressing the key  which 

allows the current to pass through a capacitor, thus charging the capacitor. Let q be the 

charge on the capacitor so that V = qlC is the voltage across the capacitor plates, When 

the key is released, the capacitor starts discharging through the inductor, i.e. the charge 

changes with time and a current i = dq/dt established in the inductor. 

In this circuit, the restoring force is due to the force of repulsion between electrons. This 

force tries to distribute electrons equally on the capacitor plates, Inductance, on the other 

hand, tends to oppose this redistribution, i.e. it opposes the increase of current. At any 

instant of time, the voltage across the inductor is given by  

 



 

 

and that in the inductance is zero since i = 0 initially. As time passes, the capacitor starts to discharge 

through the inductance and a current i = dq/dt is established in the inductor. As q decreases, Ee 
decreases and i increases, so that the energy now appears around inductance as the current is 
building .up. When the capacitor is completely discharged, the magnetic energy, 

 

 



zero, it is, in fact, maximum. The large current flow due to inductor starts transporting 
charge to the capacitor plates and the capacitor is charged again. The capacitor starts 
discharging again and the current now flows in the opposite direction. Eventually, the 
current returns to its initial value and the process continue. The energy exchange 
occurs between the electric field of the capacitance and the magnetic field of the 
inductance. The total energy of the system is conserved since the system considered here 
does not contain any resistive component so that there is no dissipation of energy. Thus 

 

 

Q.13. derive the differential equation for damped harmonic motion Derive its 

possible solutions. Derive expressions for Relaxation time Logarithmic 

decrement and quality factor.  

Ans. Damping is the decrease in the amplitude or energy due to any kind of dissipation 

process of an oscillating body and the oscillations are known as damped. A resistive or 

viscous element is normally the cause of damping in oscillation. When the damping 

force, or frictional force, is too small to change the  amplitude significantly, to the 

undamped motion of the body, the system is called damped harmonic oscillator. In such a 

case the damping force is proportional to the velocity of the vibrating body. 
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Q 14. Define degrees of freedom and normal coordinates. Explain by giving examples. 

Ans. Degrees of freedom in a system is the number of independent coordinates required 

to completely explain the system. If we consider a system of n. values of x1, x2,….xn  then 

there will be n degree of freedom in the system. 

 

Normal Co-ordinates: The normal coordinates of a coupled system are those parameters in 
terms of which three equations of motion of the system can be written as a set of linear 
differential equations along with constant coefficients. Normally these are used in a coupled 
system.The simple harmonic motion associated with each normal coordinate is called 
normal mode of the coupled system. Each normal mode has its own characteristic 
frequency called the normal mode frequency. Suppose we have two simple pendulums 
coupled by a spring attached to the bobs as shown below. These will be "In phase" 
mode or "Out of phase" mode. In our example, there are two normal modes, one 
associated with normal ordinate X and the other with Y 

 



 

 



 

 

 



 

 



UNIT-7 
NON-INERTIAL SYSTEMS 

Q 1. What is frame of reference? Define Non inertial, fictitious force and inertial 

frame of reference. 

Ans. Frame of reference (or reference frame) is defined as the set of 
abstract coordinate system used to specify the position, motion and others standardize 
measurements of any object in space. 

1. Non-Inertial Frame of reference : The frame of reference that is undergoing 

acceleration with respect to an inertial frame. If there is an accelerometer at rest in 

a non-inertial frame then it will be generally detect non-zero acceleration. 

Therefore an accelerating frame of reference with respect to an inertial 

frame of reference is non-inertial. 

 

Consider that a frame of reference S' is accelerating with an acceleration a 0 

with respect to the inertial frame S. If no force acts on a particle P, it has zero 

acceleration as observed by an observer in frame S but the observer in S' 

will find that the acceleration of P relative to it is -ao.  

It means that the observer in frame S' will observe that a force Fo = -mao acts 

on the particle P. But actually no external force is acting on P. Such a force 

which does not really act on a particle but appears to act due to the acceleration 

of the frame is called a fictitious force.            

                                                                    Fo = -mao 

 

Where m is the mass of the particle P 

Suppose an external force F i acts on the particle P. It will experience 

acceleration, let this be a i. in the inertial frame. 

 

                                                        F i  = m a i. 

The apparent force F acting on the particle is observed in the non-inertial 

reference frame S'. 

                                          F = Fi+ F0 = mai + (-rna0) 

Therefore fictitious force is that quantity which must be added to the real 

force acting on the particle in the inertial frame to give the value of apparent 

force in the non-inertial frame of reference. 
When ma i = 0 
so F = Fo = -m ao 

Here Fo is called the fictitious force. 

https://en.wikipedia.org/wiki/Coordinate_system


2. Inertial Frame of reference: An inertial frame of reference may be defined also 

be called Galilean reference frame, non accelerating frame. All inertial frames are in 

a state of constant, rectilinear motion with respect to one another; an accelerometer 

moving with any of them would detect zero acceleration. 

 

Q.2 Discuss freely falling elevator in the context of non-inertial frame 
of reference .  

Ans. lets assume that that an elevator is falling freely under the action of gravity. It 

is a non-inertial frame of reference. If earth is the inertial frame of reference,  

 

It means if the body in the elevator is not accelerated with respect to the falling 

elevator i.e. non-inertial frame, in that case F i = 0. It shows that the apparent 

weight of a body in the non-inertial frame of a freely falling elevator is zero. It also 

means weightlessness. 

If a body is in the space of the elevator and has zero velocity with respect to the 

elevator it will remain suspended in space in the elevator when the elevator is 

falling freely under the action of gravity. 

Special case: If the elevator is moving downward with the acceleration ao, where ao< 

g 



It is just a simple pendulum with a heavy bob of 28kg and having a suspension wire 

of about 70 meter length. The time period of the pendulum works out to 

approximately 17 sec. 

Let us consider that the pendulum is kept above the place P and observed. For 
simplicity centrifugal force is neglected, only Coriolis acceleration is taken into 
account. The horizontal component of the Coriolis acceleration tries to change its 
plane of oscillation. As shown in figure if the bob is left at A, due to horizontal 
component of the Coriolis acceleration would  not reach at B but it will reach B' and 
will come back to A. In this way the plane of oscillation goes on changing. The 
plane of oscillation rotates clockwise in the Northern hemisphere implying 
that the earth rotates anticlockwise to an observer in the  Northern 
hemisphere i.e., the earth rotates from west to east, If the experiment is 
performed in the southern hemisphere the plane of pendulum rotates in the 
anti-clockwise direction to an observer. In the Southern hemisphere, to the 
observer, the earth appears to rotate in the clockwise direction i.e, from west to east. 
This experiment proves' that the earth rotates from west to east. 

If ω is the angular velocity of the rotation of the earth then the plane of oscillation 
rotates with an angular velocity ωsinΦ above the vertical axis passing through the 
mean position of the pendulum. If r is the radius of the circle then the time period 

for the complete rotation of the plane of oscillation is given by 



 

 

Q.4. Explain fictitious forces like centrifugal force and Coriolis force in the context 
of uniformly rotating frame of reference.  

 

  



 



 

 



The centrifugal for is a fictitious force which acts on a particle at rest relative to a 

rotating frame of reference. Being responsible for keeping the particle at rest in the 

rotating frame, it is numerically equal to the centripetal force, mω2rn, where rn is the 

distance of the particle from the centre of rotation but is oppositely directed, i.e. 

outwards, away from the axis of rotation, Coriolis force too is a fictitious force, which 

acts on a particle in motion relative to a.rotating frame of reference. It is proportional to 

the angular velocity (ω) of the rotating frame and to the velocity v' of the particle 

relative to it. Its direction is always perpendicular to that of v' and is obtained by a  

rotation through 90° in the opposite sense to that of ω, and its value is -2m v' 

 

 

 

 

 

 

 

 

 

 

  



It will obviously be zero if either v' or w is zero, i.e., if the particle is a rest relative to 

the rotating frame in which case the only fictitious force acting on the particle will 

be the centrifugal force) or if the reference frame be a non-rotating one. 

It will further be seen that particle P will move relative to the rotating frame S' in 

accordance with Newton's law of motion if we add to the true force F, these two 

fictitious forces. 

Q.5. Discuss very brief ly  the signif icance of  Coriol is  force.  

Ans. lets us assume that a body on the surface of the earth is in motion relative to the earth 

then the acceleration measured by the observer is given by the equation  

 

The deviation is due to the horizontal component of the Coriolis force. 

It has been observed that the cyclonic winds are turned towards their right in the 

Northern hemisphere and towards left in the Southern hemisphere. They are 

produced due to a low pressure centre combined with the Coriolis  

acceleration. This has also been confirmed by the photographs taken by the 

satellites from the earth's atmosphere. 


